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Abstract: This work used Boundiali and Man clays to eliminate methyl orange in an aqueous medium. These clays 

were activated with hydrochloric acid and then characterized by scanning electron microscopy, X-ray 

diffractogram, Brunauer–Emmett–Teller (BET) method, and zero charge pH. Methyl orange concentration was 

monitored during adsorption using a UV-visible spectrophotometer. Characterization showed that the clays have 

many micropores, mesopores, and few macropores. The specific surface areas of these clays are equal to 39,084 

m2 g-1 and 39,722 m2 g-1 for Boundiali and Man clays, respectively. These clays are composed of kaolinite, illite, 
and quartz. They have non-uniform morphologies and display irregularly shaped flaky particles of different sizes. 

The surface pH of Boundiali clay is neutral, while Man clay's is essential. Adsorption of methyl orange on these 

clays conforms to pseudo 2nd order kinetics with 60 minutes as the equilibrium time. Adsorption is favorable in 

acidic media and spontaneous at room temperature with both types of clay. The Boundiali clay has an adsorption 

capacity of 40.486 mg g-1, and the Man clay has an adsorption capacity of 38.610 mg g-1. 
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1. Introduction 

 

Increasing levels of industrial pollutants discharged 

into the environment as waste seriously threaten 

human health, life, resources, and ecological systems 
1-3. Among these pollutants are dyes from the textile 

industry, which contribute to environmental pollution 
4, 5. Most dyes used in the textile industry are not 

biodegradable and tend to cause various disorders and 
diseases in living organisms 6, 7. Consequently, 

effluents containing dyes from the textile industry 

must treated before being discharged into water.  

Several treatment methods contribute to eliminating 

industrial dyes, such as advanced oxidation processes, 

electrochemical methods, and solid adsorption 

methods 8-12. Regarding adsorption, activated carbon 

treatment has been widely used 10, 13, 14. However, 

activated carbon is expensive compared with clay, 

which is abundant and almost free in our country 

(Côte d'Ivoire). In addition, clays have a high 
adsorption capacity for trace metals and organic 

compounds in aqueous media. This is due to their 

large specific surface areas 15, 16. In addition, clay is an 

abundant material throughout Côte d'Ivoire 17.  

According to the literature, clays from Côte d'Ivoire 

have given excellent results in the adsorption of trace 

metals and certain organic compounds 15-17. This is the 

context of this study. Our objective is to treat 

wastewater containing methyl orange with local clays. 

This is why we propose treating water polluted by 

methyl orange (MO) using Boundiali and Man clays 

in this work. The clays from these two regions were 

chosen to compare two clays from different climates. 
Boundiali is a town located in the north of Côte 

d'Ivoire in a grassy savannah where rainfall is low. 

The city of Man is located in a forested area with 

abundant rainfall in the west of Côte d'Ivoire. 

Boundiali and Man clays will be activated by 

hydrochloric acid to increase their specific surface 

area or total pore volume 18-20. They will then be 

characterized by scanning electron microscopy 

(SEM), X-ray diffraction (XRD), the Brunauer, 

Emmett, and Teller (BET) method, and zero charge 

pH (pHpzc). The adsorption of methyl orange was 

investigated by studying adsorption kinetics, the 

Influence of pH on adsorption, and the application of 

the Freundlich and Langmuir Isotherm models.  

   

file:///C:/Users/Youssef/Desktop/www.medjchem.com
kambireollo@yahoo.fr
http://dx.doi.org/10.13171/mjc0


Mediterr.J.Chem., 2025, 15(1)     K. Y. Tchonrontcha et al.               45 

2. Materials and methods 
  
2.1. Clay preparation  

The clay was prepared in four stages: crushing and 

sieving, dispersion in water, phase separation, and 

acid etching. 

Crushing and sieving consisted of grinding the clay in 

a porcelain mortar and sieving it with a series of sieves 

ranging in size from 250 μm, 160 μm, and 100 μm to 

obtain a fine powder with a size of less than 100 μm. 

Dispersion is achieved by weighing 12 g of clay and 

introducing it into 360 mL of distilled water. The 

mixture is left to stir for 24 hours. The mixture is 

filtered through a 40 μm diameter filter paper to 

separate the solid and liquid phases. It was then dried 

 in an oven at 60°C for 24 hours. Acid etching consists 

of weighing 5 g of the clay obtained after drying and 

introducing it into 100 mL of a 1 M hydrochloric acid 

solution. The mixture obtained is left to stir for 24 

hours and then filtered. After filtration, it is dried in 

an oven for 24 hours at 60°C and stored in airtight jars.  

2.2. MO solution preparation 

A concentrated solution of MO with a concentration 

(100 mg L-1) was prepared from commercial MO. 

Successive dilutions of the concentrated solution were 

obtained for the solutions used in this study. The pH 

of these solutions was adjusted with hydrochloric acid 

and sodium hydroxide. The properties of methyl 
orange are shown in Table 1. 

Table 1. MO characteristics 

Name Methyl orange (C.I. 13025) PA-ACS 

Family Acid dye 

Formula C14H14N4NaO3S 

 

Structure 

 

Molar mass 327.336 g.mol-1 

λmax 465 nm 

Solubility 5.2 g L-1 in water at 20°C; 1.0 g L-1 in ethanol at 20°C 

 
2.3 Quantity of MO adsorbed 

The amount of MO adsorbed was calculated using 

the following relation 16: 

qt = 
𝐶0−𝐶𝑡

𝑚
 × 𝑉                     (1)                                                                                                                                                                                  

 

Where qt is the quantity of dye adsorbed per unit mass 

of adsorbent in mg/g, C0 is MO concentration at time 

t = 0 in mg/L, Ct is the residual concentration of MO 

at time t in mg L-1, V is the volume of the reaction 

mixture in L and m is the mass of adsorbent in g. 
 

2.4. Determination of adsorption rate 

The adsorption rate of MO on clays is obtained 

according to the following formula 16: 

Taux d’adsorption (%) = 
(𝐶0−𝐶𝑡)

𝐶0
× 100             (2)                                                                                                                

Where C0 is the concentration of MO at time t = 0 in 

mg L-1, and Ct is the residual concentration of MO at 

time t in mg L-1.  

 

2.5. Adsorption kinetic model 

Three kinetic models were applied to MO adsorption 

onto clays. These were the Pseudo 1st order, Pseudo 

2nd order, and intraparticle diffusion kinetic models. 

Equations 3, 4, and 5 were used to apply the Pseudo 

1st order, Pseudo 2nd order, and intraparticle 

diffusion kinetic models, respectively 21, 22.   

𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛(𝑞𝑒) − 𝑘1𝑡                 (3)                                                                                                                           

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +  

1

𝑞𝑒
𝑡                            (4)                                                                                                                                     

𝑞𝑡 = 𝑘𝑖𝑡1 2⁄ + 𝐶                             (5)                                                                                                                                     

Where 𝑞𝑡 and 𝑞𝑒 the quantities of dye adsorbed 

respectively at instants t, and at equilibrium in (mg g-

1), t is the contact time in min, 𝑘1, 𝑘2, and 𝑘𝑖 are the 

rate constants for adsorption of the dye onto the 

adsorbent. 

2.6. Isotherm model 
Freundlich and Langmuir's adsorption isotherm 

models were applied to the adsorption of methyl 

orange on clays using equations 6 and 7.  
Freundlich equation can written as 21, 23 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1 𝑛⁄

                       (6)                                                                                                                                                 

Langmuir equation can written as 21, 23 

𝑞𝑒 =
𝑞𝑚𝑏𝐶𝑒

1+𝑏𝐶𝑒
                              (7)  
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Wherev Ce is the equilibrium concentration of the 

dye in the residual solution in mg L-1, 𝑞𝑒 is the 

quantity of dye adsorbed per unit mass of adsorbent 

at equilibrium in mg g-1, 𝑞𝑚 is the quantity of dye 

adsorbed per gram of adsorbent in mg g-1, 𝐾𝐹, and n 
are the Freundlich constants and b is the Langmuir 

thermodynamic constant related to the free energy of 

adsorption. 

3. Results and Discussion 

 

3.1. Characterisation of clays 

3.1.1. Characterisation by scanning electron 

microscopy (SEM) 

 

Fig. 1. SEM images of clays 

Fig.1 shows SEM images of the outer surface of the 

activated clays of Boundiali and Man. These images 

show that Boundiali clay is divided into several blocks 

on which a disordered assembly of sheets can 

observed. SEM image of Man shows that this material 

is made up of microscopically planar sheets that are 

detached and arranged parallel to one another. SEM 
images of these clays show adsorption capacities; they 

have non-uniform morphologies and display 

irregularly shaped laminated particles of different 

sizes. This difference in size may be affected by the 

association of much larger aggregates with the natural 

clay particles before their activation. SEM images of 

these two clays show different structures. This 

explains why the clays differ according to their 

structure and the region from which they were 

extracted.  

3.1.2. Characterisation by X-ray diffractogram 

Fig. 2 shows the X-ray Diffraction peaks of the two 

clays. XRD spectra of the activated clays from 

Boundiali show kaolinite peaks at 2θ: 12.54°, 21.05°, 

38.47°, 42.96°;55.40° and 60.12°. Illite peaks at 

25.21°; 35.07° and quartz peaks at 2θ corresponding 

to 26.86°; 50.32° and 68.37°. As for Man clay: 2θ 
angles equal to 12.37°; 20.06°; 20.98°; 38.67°; 46.06° 

are characteristic of kaolinite. Those 8.97°, 25.04°, 

and 55.07° represent the angles at which illite appears. 

The angles 26.79°; 50.22°; 60.06° and 68° belong to 

quartz peaks. 
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Fig. 2. XRD of activated clays (kaolinite (K), illite (I), and quartz (Q) 

 

 

Fig. 3. Adsorption isotherm for N2 on activated clay from Boundiali and Man 
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3.1.3. Characterisation by BET 

The textural properties, BET, size distribution, and 

pore volume were determined by the physisorption of 

N2 at -195.832°C. The adsorption/desorption 

isotherms of azote at 77 K are shown in Fig. 3. The 

quantities of gas adsorbed are shown as a function of 

the relative pressure P/P0, where P represents the 
azote pressure at equilibrium, and P0 is the saturated 

vapor pressure of the azote at the temperature 

considered. Two types of relative pressure appear on 

each of these figures. The first range, corresponding 

to a relative pressure of approximately 0 and 0.45, 

describes the adsorption of a monolayer of gas on the 

external surfaces and the filling of micropores of 

openings ranging from 0 to 2 nm. The second zone, 

with a relative pressure P/P0 between 0.45 and 0.98, 

describes multilayer adsorption, followed by capillary 

condensation with desorption, revealing a hysteresis 

block, that of adsorption for P/P0 greater than or equal 

to 0.45. 

The specific surface area, the pore volume, and the 

micropores of these clays are determined and shown 

in Table 2.  

Table 2. Textural characteristics of Boundiali and Man clays. 

Samples BET Specific surface area [m2 

g-1] 

Micropore volume   

[cm3 g-1] 

Pore volume  [cm3 g-1] 

Boundiali 39,084 0.109 0.139 

Man 39,722 0,083 0,106 

 

BET analysis revealed that the clays have large 

specific surface areas of 39,084 m2 g-1 and 39,722 m2 

g-1, respectively for the Boundiali and Man clays. 

These results are similar to those found by 15, 16, 24. 

These values show that Man clay's specific surface 

area is higher than the Boundiali clay's. We also 

observe that the pore volume of Man clay is higher 

than that of Boundiali, in contrast to the micropore 

volume.  

   

 

3.1.4. Zero charge pH (pHpzc)  

pHpzc indicates the chemical and electronic 

properties of the adsorbent's functional groups. The 

surface of the adsorbent becomes positively charged 

if pH < pHpzc and negatively charged if pH > pHpzc 
24. The results in Fig. 4 were used to determine the 

pHpzc of the two types of clay. The values obtained 

are shown in Table 3. 7.00 and 7.70 were obtained 

with the Boundiali and Man clays, respectively. These 

results show that the surface of Boundiali clay is 

neutral, and Man clay's is slightly basic.   
 

 

Fig. 4. Zero charge pH of clays
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Table 3. Zero charge pH values. 

Clay Boundiali Man 

pH zero charge 7.00 7.70 

 
The functional groups on the clay surface will be 
protonated by proton H+ when the pH of the solution 

studied is lower than pHpzc. The adsorbent becomes 

an attractor of negatively charged adsorbate. When 

the study medium pH is higher than pHpzc, the 

adsorbent becomes a positively charged adsorbate 

attractor. In this case, the functional groups on the 

clay surface will be deprotected by the presence of 

hydroxide ions (OH-) in solution 16, 25.  

 3.2. Adsorption kinetics of MO 

3.2.1. Influence of contact time 

The Influence of contact time on MO adsorption clays 

was studied. The results are shown in Fig. 5. This 

figure shows a rapid increase in the rate of MO 

elimination in the first 20 minutes. This data indicates 

a rapid rise in the quantities adsorbed during the first 

20 minutes with each clay type. This rapid adsorption 

corresponds to MO adsorption on most accessible 

sites, probably on the sites located on the external 

surfaces of the clays. After these 20 minutes, slow 
adsorption was observed, eventually reaching 

equilibrium at 60 min with both types of clay. This 

can be attributed to diffusion into less accessible pores 

such as micropores. The sites become less and less 

available, resulting in diffusion towards the less 

accessible sites, slowing down the adsorption rate 

before reaching equilibrium. Saturation of the 

accessible sites occurs after 60 min, which 

corresponds to the equilibrium time for MO 

adsorption on clays 25, 26.  

Fig. 5 shows that MO adsorption rates on these clays 
at equilibrium are equal to 80% for Boundiali and 

61% for Man clay. MO adsorption rate is higher with 

the Boundiali clay than with Man clay because the 

zero charge pH of Man clay is neutral, whereas that of 

Boundiali clay is weakly basic. These results show 

that Man clay is more suitable for adsorbing an 

anionic dye such as MO.  

 

Fig. 5. MO removal efficiency on different types of clay; clay mass = 3 g; MO concentration 10 mg/L 

3.2.2 Modelling of adsorption kinetics  

Pseudo-first-order, pseudo-second-order, and 

intraparticle diffusion kinetic models were applied to 

the MO adsorption on the two clay types. The results 

obtained are presented in Fig. 6.  

The characteristic values of these models are shown 

in Table 4. This table shows that the coefficients of 

determination obtained with the pseudo-second-order 

kinetic model are higher than those obtained with the 

pseudo-first-order and intraparticle diffusion kinetic 

models for both types of clay. This shows that pseudo-

second-order kinetics are better adapted to the 

adsorption of MO on these clays. In addition, we note 

that with the kinetic model of intraparticle diffusion, 

the curves qt = f(t1/2) are straight lines that do not pass 

through the origin of the reference frame. We also 

note that the theoretical values for the maximum 

quantity of MO adsorbed with the pseudo-first-order 

model are much lower than those for the pseudo-

second-order kinetic model, and those for the pseudo-
second-order model are closer to the experimental 

values. These results confirm that the two clays' 

pseudo-order kinetic model is the most suitable for 

our study. This implies that the dye adsorption process 

on our clays is governed by a bimolecular process 
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consisting of a collision between an active clay site 

and a dye molecule 16. These results are similar to 

those obtained with the adsorption of methylene blue 

on Bouaflé clay 15.   

 

 

Fig. 6. Application of the pseudo-first-order, pseudo-second-order, and intraparticle diffusion kinetic model to 

the adsorption of MO on clays 

Table 4. Parameters of the MO adsorption kinetics models on the two clay types.  

 

3.3 Application of Freundlich and Langmuir 

Isotherm models 

The adsorption of several concentrations of methyl 

orange on Boundiali and Man clays was carried out. 

The results made it possible to determine the 

adsorption isotherms for methyl orange on the two 

types of clay (Fig. 7). It can be seen that the adsorbed 

quantities of the dye increase with the equilibrium 

concentration, indicating a high adsorption capacity 

of the clays for methyl orange. Adsorption of methyl 

orange, therefore, takes place on a monolayer 27. 

Consequently, various mathematical models can be 

applied to determine the maximum adsorption 

capacities (qmax) and other characteristic parameters. 

Linearization of the various isotherms using 

Langmuir and Freundlich models are shown in Fig. 8. 

Based on the linearization results, the parameters of 

the adsorption isotherm models are grouped together 

in Table 5. 

Clay 
qe 

(mg g-1) 

Pseudo-first-order Pseudo -second-order Intraparticle diffusion 

k1 

(min-1) 
R2 qth 

k2 

(g mg-1 min-1) 
R2 qth 

ki 

(mg g-1 min-1/2) 
R2 

Boundiali 0.815 0.081 0.886 0.570 0.144 0.991 0.747 0.126 0.894 

Man 0.758 0.041 0.868 0.753 0.086 0.969 0.765 0.125 0.912 
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Fig. 7. Adsorption isotherms for methyl orange on the two clays 

   

 

Fig. 8. Representation of the Langmuir and Freundlich models applied to the adsorption of MO on clays. 

The coefficients of determination obtained with 

Boundiali and Man clays are respectively equal to 

0.974 and 0.984 for the Langmuir model. The 

coefficient of determination values of 0.962 and 0.917 

were obtained with Boundiali and Man clays by 

applying the Freundlich model. These values indicate 

that Boundiali clay's coefficients of determination 

with Langmuir and Freundlich models are close, thus 

showing that the two isotherm models are applicable 

to this clay. However, with Man clay, the value of the 

coefficient of determination R2 obtained with 

Langmuir is higher than that of Freundlich. This 

indicates that the adsorption of methyl orange on Man 

clay is better described by the Langmuir model, 

suggesting chemisorption with the formation of a 
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monolayer. The adsorption of MO on this clay would, 

therefore, be localized to sites of the same energy.  

The values of the constant "n" obtained with the 

Freundlich model indicate the degree of non-linearity 

between the concentration of the solution and the 

adsorption. Adsorption of the dye onto the clay is 

linear if 𝑛 = 1. When 𝑛 < 1, dye adsorption is a 

chemical process. Adsorption is a physical process if 

𝑛 > 1 28. Table 6 shows that the n value in the 

Freundlich equation is greater than 1 for the 

adsorption of MO on both types of clay. These values 

show that dye adsorption on these two clays is a 

physical process. The values of n are between 1 and 

10. This indicates that there is good adsorption 28, 29. 

The data in Table 6 also show that MO adsorption on 

the different clay types is spontaneous at room 
temperature. The Langmuir constant "KL" values 

linked to the interaction force are all positive.  

Table 5. Parameters of Langmuir and Freundlich equations for the five clays. 

These results show that Boundiali clay has an 

adsorption capacity of 40.486 mg g-1. Man’s clay has 

an adsorption capacity of 38.610 mg g-1. These high 

adsorption capacities can be explained by their high 

specific surface area. The maximum quantities of dyes 

adsorbed by various materials are shown in Table 6. 

This table shows that our two clays can effectively 

remove MO in an aqueous solution.

Table 6. Maximum dye adsorption capacity for several types of material.  

Materials Adsorbed dye qm (mg g-1) Reference 

Bottom Ash Methyl orange 3.618  30  

De-Oiled Soya Methyl orange 16.664  30  

Activated carbon modified by 

ethylenediaminetetraacetic acid 

Rhodamine B 7.11  31  

Activated carbon modified by 

ethylenediaminetetraacetic acid 

Methylene blue 7.40 31 

Clay modified with cetyltrimethammonium 

bromide 

Methyl orange 15.58 32 

Bouaflé clay Methylene blue 23.256 15  

Boundiali clay Methyl orange 40.486 This study 

Man clay Methyl orange 38.610 This study 

 
3.4. Influence of pH on adsorption  
The pH of the medium gives an idea of the state of the 

surface charge of the adsorbent and the adsorbate. Fig. 

9 shows the Influence of pH on MO adsorption on the 

different types of clay. The stirring time corresponds 

to the equilibrium of each material during its kinetic 

study. The adsorption rate is high in acidic media and 

decreases with increasing pH for all clays. These 

results for MO adsorption on Boundiali and Man clays 

are comparable to those found in the literature 16, 33, 34. 

The maximum adsorption rate values were obtained at 

pH 2.3. The values obtained at this pH equal 84.00% 

and 82.09%, respectively, for Boundiali and Man 

clays. It should also be noted that the pH values with 

the lowest MO elimination rates were obtained at a pH 

equal to 10.1. Boundiali and Man clays achieved 
adsorption rates of 29.03% and 27.42%, respectively, 

at this pH.  

When the pH is lower than pHpz, the number of 

positively charged sites in the active clay increases, 

thus favoring MO adsorption, an anionic dye, via 

electrostatic attraction 35. A decrease in the absorption 

rate observed in an essential environment (pH > 

pHpzc) is thought to be due to excess hydroxide ions, 

which compete with the dye, MO molecules. The 

increase in pH leads to increased hydroxyl ions, which 

bind to the clay surface. As a result, the adsorption of 

MO becomes unfavorable due to electrostatic 
repulsion. 

     

Clay 

Freundlich Isotherm  Langmuir Isotherm  

Kf R2 n KL R2 qm (mg g-1) 

Boundiali 0.272 0.962 1.270 0.005 0.974 40.486 

Man 0.208 0.917 1.287 0.004 0.984 38.610 
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Fig. 9. Effect of pH on the adsorption of MO on the two types of clay 

4. Conclusion  

 

Clays from Boundiali and Man were characterized 

and used to remove methyl orange (MO) in an 

aqueous solution. Characterization by BET showed 

that the clays have many micropores, mesopores, and 

few macropores. Determination of the specific surface 

areas gave 39,084 m2 g-1 and 39,722 m2 g-1 for the 
activated clays from Boundiali and Man, respectively. 

X-ray diffraction showed that these clays comprise 

kaolinite, illite, and quartz. SEM analysis of these 

clays showed that they have non-uniform 

morphologies and display irregularly shaped flaky 

particles of different sizes. Zero charge pH showed 

that the surface pH of Boundiali clay is neutral, and 

Man clay's is slightly basic. The kinetic study of MO 

adsorption on these clays showed that adsorption 

conforms to pseudo-2nd-order kinetics with 60 

minutes as the equilibrium time. MO adsorption on 

these clays is favorable in an acid medium. Langmuir 

and Freundlich's adsorption isotherm models were 

applied to the adsorption of MO on Boundiali clay. 

However, only Langmuir adsorption isotherm better 

describes MO adsorption on Man clay. Adsorption of 

MO on these clays is spontaneous at room 
temperature. Boundiali clay has an adsorption 

capacity of 40.486 mg g-1, and Man clay has an 

adsorption capacity of 38.610 mg g-1.  
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